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Abstract . 
Product orientation and distribution in the Friedel-Crarts 
reaction and (or) Bromination of some 2- and 3-monosubstituted pyrrole 
derivatives have been studied. 
It was found tbat the acetylation of methyl 2-pyrrolecarboxylate 
with acetic anhydride in the presence o£ excess aluminum chloride not 
only increased the yield, but also had the advantage of separating the 
reaction products. 
Acetylations of 2-pyrrolecarbonitrile and 2-pyrrolecarboxaldeqyde 
were found to give exclusivel:y 4-substitution, while the .S-isomer was un-
~l.y .formed in minor amounts .in the acetylation of metqyl 
2-pyrrolecarbox;ylate. The 4-acetylated acid obtained from the hydrolysis 
or oxidation of the corresponding acetylated products was converted to 
the known 3-acetylpyrrole • 
.S-Bromo and 5-is~opyl derivatives were the sole products isolated 
from the bromination and Friedel-Crafts isopropylatian of methyl 
3-pyrrolecarboxylate and 3-acetylpyrrole. 
The structures of the products were confirmed primari~ through 
nuclear magnetic resonance evidence. .Further identi1'ication was 
accomplished by a study of some chemical interconversions. · 
The reaction of pyrrylmagnesium bromide with methyl chloroformata 
was carried out and several new products isolated and identified. 
The synthesis of 3-isopropylpyrrole m the ring closure of a glycidic 
ester was also attempted. 
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PART I 
DISCUSSION 
Section I 
Friedel-Crat·ts Acetylation of 2-~ubstituted Pyrroles. 
(1) General Considerations. 
Many common reactions of aliphatic amines, ethers, and sulfides 
involve initial attack by an electrophilic reagent at a lone pair oi' 
electrons on the heteroatoms; salts, quarternary salts, ~oordiilati.~ 
compounds, amine- and aiilf-ox:i.des, and sul~~Onefls are formed in this way. 
Corresponding reactions are very rare with the simple five-membered 
heteroaromatics with one heteroatom in the nucleus, e.g. pyrrole, 
thiophene, and furan. In these compounds, the lone pair of electrons 
at• the heteroatoms participates in the aromatic resonance of the ring, 
so that they are not so readily available for proton capture. The 
resonance structures of these compounds (Ia - Ic) show that the 
heteroatoms possess partial positive charges which hinder reaction 
with electrophilic reagents, and the carbon atoms acquire partial 
negative charges which aid reaction with these reagents. 
Fig. I. 
(a) (c) 
X: NH, s, 0• 
Since a smaller charge separation is involved in Ib and hence it 
has lower energy than Ic. This suggests that the oC-positions are more 
susceptible to electrophilic attack than the f-positions. ~erimental. 
evidence fits very well to this prediction. As for example, the 
protonation (l), nitration (2), and acylation (J) of pyrrole; the 
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acylation of .furan (4); and the suli'onation (5), nitration (6), and 
acylation {7) of thiophene, all occur predominantly or exclusively at 
the 2-posi tion. 
However, the situation MBiY be altered substantiall.y in the presence 
of an electron-withdrawing group ( -R group) at the 2- or 3- position. 
In this case, the whole ring system is somewhat deactivated to electro-
philic substitution by the e1'1'ect of -R group, but is still .fairly 
reactive to electrqphilic attack. 
The orientation of entering groups in the system with an -:tt group 
at the 2-position is expected to be influenced mainly by the oC-directing 
ini'luence of the heteroatom and, by the "meta" -directing iid'luence of 
the -It group. As is illustrated by the resonance structures na, lib, 
and IIc 1"or 2-pyrrolecarboxaldebyde, it would be expected that, .for 
electrophilic substitution, the product 
(a) (b) (c) 
distribution should favor 4-substitution due to the .further deactivation 
of 3- and 5-positions. A greater amount of 5-substituted product would 
be 1'ormed as weaker -it groups are used, since the e1'1'ect of the heteroatom 
would be increased relative to the affect of -.tt group. The 3-posi tion 
has the least capability of being attacked, as it is situated at the 
~-position to the heteroatom, and is i'urther deactivated by the ....R 
group. 
Nevertheless, the situation may entirely be changed, when the ei'i'ect 
of a heteroatom overshadows that of the -R group. In that case the 
5-posi t i on would be the easiest position to be attacked. 
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~erimental observations have shown that the 4-substituted 
products are the predominant ones in near~ all the cases as was £ound 
in the nitrations o£ several 2-substituted pyrroles (2, 8, 9), and 
thiophenes (2), as well as the brominations o£ methyl 2-pyrrolecarboxylate 
and 2-pyrrolecarboxaldehyde (10). However, the brominations o£ i'ur.t'ural 
and methyl 2-i'uryl .ketone (12, 13) were .t·ound to give predominantly the 
5-bromo derivatives. This indicates that the oxygen in £uran has a 
more profound ei'i'ect than the sulfur or nitrogen in thiophene or pyrrole 
in the bromination reactions. Bromination of 2-thiophenecarboxaldehyde 
has also been reported by Gronowitz (ll) to give almost exclusively 
the 5-monobromo product. He has attributed this result to the over-
tiding oC-directing influence o£ the heteroatom and suggested. that in 
the nitration reaction, 4-substitution may have been brought about by 
an enhanced ...R e£1'ect oi' the aldeeyde group caused by protonation o£ 
the carbonyl oxygen. 
The results ot' the brominations (10) o£ methyl 2-pyrrolecarb~late 
and 2-pyrrolecarboxaldehyde showed that the 4-substitution predominated. 
~imilar results were obtained rrom the isopropylations of me~l 
2-pyrrolecarb~late (14), 2-pyrrolecarboxaldebyde (15), 2-acet.ylpyrrole 
(LS), and 2-thienyl ketone (16). These suggest that in the pyrrole 
ring, the "~" -directing group in the 2-posi tion usual]Jr overcomes 
the oC-directing heteroatom on the nucleus. 
The Friedel-Orafts isopropylations oi' (15) meteyl 2-pyrrolecarboxylate, 
2-pyrrolecarboxaldehyde, and 2-acetylpyrrole under the same conditions 
showed that the order of reactivity of these carboeyl compounds was 
aldehyde >ketone>ester. It was also suggested by Anderson and 
Hopkins (14) that the ef£ect of -R group is further enhanced by 
complexing with a Lewis acid as illustrated in III. 
-4-
lt'ig. III. 
The consequent further deactivation of position 3- and 5- should greatly 
enhance the amount of the 4-substituted products. The HMO calculations 
of Hopkins (17) supported the idea that Lewis acid complex:i.ng oi' the 
carbonyl greatly increased the required localization energy at all 
positions, but most markedly at the 3- and 5-posi tions. The same workers 
(15) indicated that this ei'i'ect was i"elt most in the aldehyde and least 
in the ester. Thus the barrier to 5-substitution is lowest for the 
complexed ester. 
On this basis, it would be expected that the ~~iedel-Crafts 
acylation of pyrro1e, thiophene, and f'uran with an -R group at the 
2-position would lead predominantly to the 4-substituted products, but 
the ratio of 5-substitution would be increased to some extent when a 
weaker -It group is used. However, the results of nearly all the 
acylation reactions that have been reported in the thiophene, furan and 
pyrrole series contradict to this prediction. The acetylation, benzoy-
lation and butyrylation cd' methyl 2-i'uroate (18), and the acetylations 
oi' 2-acetylthiophene (19) and 2-benzoylpyrrole (20), were found to give 
exclusively the 5-substituted products. However, the acetylation of 
1-methyl-2-nitropyrrole {8) was reported to give the 4-substituted 
product. 
The acetylation of some pyrroles with an -R group at the 2-position 
was thus carried out in order to investigate the product orientation 
and distribution. 
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(2) ~sults and Discussion. 
The preparative acetylations of methyl 2-pyrrolecarboxylate, 2-
pyrrolecarboxaldehyde, and 2-pyrrolecarbonitrile were all in conformity 
with the predictions discussed above. 4-~ubstituted products formed 
predominantly or exclusively, and thus did not agree with the other 
reports on the acylation reaction in this series of compounds. 
~everal workers (21, 22, 23) have found that yields of product 
generally improved with the amount o1' catalyst employed up to, or just 
above, the amount calculated for the stoichiometric equation. But some 
other workers (24, 25, 26) have observed that, in some cases, the yield 
fell off rapidly when more than the calculated amount of catalyst was 
used. 
Table I. Acetylation of Methyl 2-P.rrrolecarbo.ylate 
hatio Yield (mole%) 
(catalyst/acy!ating agent) 4-isomer 5-isomer overall 
1.1 51.7 4.5 56.5 
2.6 62.0 4.1 66.1 
3.0 62.0 5.6 67.6 
).2 73.4 7.6 81.0 
4.0 hi.~ 5.4 :.$2 I~ 
. ' 
Two mechanisms have been suggested when anQydrides are used as the 
acylating agents. In the formation of the reactive complex with AlCl3 , 
the stoichiometric equation for the utilization of both acyl residues 
of a carbo:~cy1ic anhydride was proposed by Groggins et. al. (27) as: 
(H.C0) 2o + 3 A1Cl3---+ 2 I~COCl • AlClJ + AlOC1; and hence, in this 
case, the optimum ratio Q (number of moles of catalyst to number of moles 
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of acyl component) is at least 3 (28). A corresponding equation for 
the utilization o1· only one acyl residue was given by Saboor (29) as: 
(RC0)2o + 2 A1Cl3---+ RCOCl.AlC13 + RUOOA1Cl2 , 
and the optimwn ratio Q is in this case at least 2. 
~erimental evidence (22, 27, 30, 31, 32) showed that two factors 
determined which mechanism would operate, viz. the amount of catalyst 
used, and the reactivity of the acyl group. 
In the preparative acetylation of methyl 2-pyrrolecarboxylate, du~ 
value of the optimum ratio Q was found to be approximately 3.2. According 
to Anderson and Hopkins (1.4), a complex is formed between meteyl 2-
pyrrolecarboxylate and AlC13, consequently one unit is subtraated ·.~ 
from the above value as a correction for the complex formation. Hence, 
the resulting value of the latter ratio is 2.2, which is in close 
agreement with Saboor's mechanism. 
In addition to the higher yield obtained, it was easier to 
separate the products, when larger ratio ~ was used, since most of the 
4-isomer precipitated when the reaction complex was decomposed. On 
the other hand, when smaller ratio ~ was used, the product was an oily 
liquid, therefore separation of the product was less easy. 
As was discussed above, aQy electrophilic substitution reaction 
will favor 4-substitution for a strong -rt group but give greater amounts 
of the 5-substituted product as weaker -rt groups are used. This 
general trend has been observed by Tirouflet and Fournari (2) in the 
nitration of several 2-substi tuted pyrroles and thiophenes. They t·ound 
that the percentage of 4-isomer decreased in the series: 
The preparative 
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acetylation reactions of methyl 2-pyrrolecarboxylate, 2-pyrr·olecarbo-
nitrile, and 2-pyrrolecarboxaldehyde were round in agreement with their 
observations. The ester gave the mixture of 4- and 5-substituted 
products with 4-isomer predominating, while the nitrile and aldehyde 
gave exclusively the 4-substituted products. Thus the ester has a 
weaker "meta" -directing effect, while the others have a stronger 
effect. The nitrile and. ester gave a 1'airly good yield, but the alde-
hyde sufrered. the disadvantage of low yield due presumably to its 
instability in the acidic media. 
Under normal reaction conditions (at 50° with ~~2 as solvent), 
2-pyn-olecarboxaldehyde was t'ound to be destroyed very easily. heacting 
at room temperature lead to the same result. Instead o1' aluminum 
chloride several catalysts were tried, such as polyphosphoric acid, 65% 
phosphoric acid, zinc chloride, stannous chloride dihydrate, aqueous 
perchloric acid,as well as zinc chloride with trace o~ cupric bromide, 
with the ratio ~ ranging from 1.1 to 3,3 ana. temperature varied. 1'rom 
room temperature to 50°. However, none of these reactions was successful. 
lteplacing carbon disulfide by nitromethane gave a similar result. When 
acetyl chloride was used as the acylating agent, it caused the destruction 
of 2-pyrrolecarboxaldehYde even at the temperature or about -10° (bath 
temperature). ~onducting the reaction at the temperature below -20° 
caused the recovery of the starting material. 
Finally it was 1'ound that under astream o1' nitrogen, reacting at 
0-4°, using nitromethane as solvent, and longer reaction time yielded 
22% of the expected product, i.e., 4-acetyl-2-pyrrolecarboxalde~de. 
The yield decreased to about s.7% when carbon d.isuli'ide was usea. as 
solvent. 
Section II 
Bromination and .tfriedel-Crarts Isopropylation of J-Gubstituted 
Pyrroles. 
Prediction of the product orientation in the electrophilic 
substitution reactions of pyrrole compounds with an -ti group at the 
3-position is much simpler than 1'or its 2-isomer. 
F:Lg. IV. 
/R /R _,.a 
o~ o~'o- o'~-( ) ( ) 
t 
H H H 
(a) (b) (c) 
lt'rom resonance structures (!Va-LVe) it is obvious that both 
inductive and resonance effects of the ~ group strong~ deactivate 
the 2-position toward electrophilic substitution, and one would thus 
expect monosubstitution to occur predominantly in the 5-position. The 
prei'erential substitution at the 5-posi tion was further supported by 
considering the n.m.r. chemical shift positions o1' the ring protons of 
the complex between 3-carbonyl and AlU3 • The fact of ·. the greater 
shii'ts i'rom the 2- and 4-posi tions toward lower i'ield (see Table III) 
reveals a larger decrease in electron density at these positions and 
thereby leaves the 5-position the most susceptible to electrophilic 
attack. However, in agreement with the electrophilic substitution 
reactions of pyrrole with a weak -R group at the 2-position discussed 
previously, we would also expect that, in the present case, the 2-
substituted product may be i'ormed to a certain extent, when a weaker 
-R group is used. However, all the earlier experimental observations 
showed that the 5-substituteci product 1·ormed exclusively. As for 
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example, brominations or J-ruroic acid (J3) ~d 3-thiophenecarboxylic 
acid 04), acetylation of' methyl 3-thiophenecarboxylate US), and. 
nitrations o!' ethyl 3-1'uroate (JJ), methyl 3-thiophenecarbox.rlate (36), 
J-thiophenecarbo.xylic acid U4), J-nitrothiophene (31), 3-thiophene-
carboxaldel~de(J~), met~l 3-pyrrolecarboxylate (39),and 1-methyl-J-
nitropyrrole (40), all occurred exclusively at the 5-position. 
In order to obtain a better understanding of the chemical 
properties of this series of compound, methyl 3-pyrrolecarbox.rlate and 
J-acetylpyrrole were chosen in the preparative work to subject to the 
electrophilic substitution reactions, and the product: distribution was 
analysed. 
Both the preparative isopropylation and bromination of 3-acetyl-
pyrrole and methyl 3-pyrrolecarboxylate showed that the S-substituted 
products still formed exclusively (in the isopropylations, a trace 
amount of another isomer has also been found by analyzing through · gas 
chromatography; however, due to the insui'fieient amount of the starting 
material used, attempted isolation of it was unsuccessi'ul) ~ Thus it is 
evident that the 5-substituted products are alw~s the predominant ones 
in the electrophilic substitution reactions of pyrrole compounds with 
an -.it group at the 3-position. 
An interesting thing in the bromination of 3-acetylpyrrole and 
methyl 3-pyrrolecarboxylate is that these compounds seemed to be very 
reactive toward the brominating agents. Although bromine in carbon 
tetrachloride was found to be the better reagent 1'or the 2-substituted 
pyrrole (10), it was 1'ound to be unsuitable !'or the bromination of 3-
substituted pyrroles. It was thought this might be due to solubility 
restrictions. In carbon tetrachloride, tribromo derivatives formed 
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predominantly, with a small amount of two other isomers (one mono-
and the other possi~ a dibromo). However, by using bromine in di-
metnylformamide, under which condition the solubility restriction did 
not exist, still gave the same result as that found in bromine in 
carbon tetrachloride. Hence the solubility factor seems not to 
seriously in!'luence the product orientation. This was further supported 
when dioxane-dibromide was used as the brominating agent, in which case, 
solubility restrictions still did not exist, but the products i'ound 
were exclusively the 5-bromo derivatives. Obviously, ciioxane-dibromide 
is a milder brorninating agent than either bromine in carbon tetra-
chloride or bromine in dimethylformamide. 
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Section III rleaction of Pyrrylmagnesium Bromide with Methyl Chloroformate. 
As was discussed previously (see section I), the hetero nitrogen 
in pyrrole is much less basic than that in secondary amines; f'or the 
same reasons, it should be more acidic. Pyrrole does behave as a weak 
acid of about the same strength as acetylene. 
Pyrroles, as active hydrogen compounds, react with the Grignard 
reagent to give hydrocarbons and new pyrrole Grign?~d reagents, which 
react exceedingly readi~ with weak electrophilic reagents at either 
carbon or nitrogen or both (41). 
The alkylation and acylation of the pyrrole Grignard reagent have 
long been investigated, and various results reported. In 1909, Oddo 
(42) claimed that with carbon dioxide or ethyl chloroformate, the 2-
carb~late derivatives of pyrrole were produced; but with methyl 
iodide (43), pyrrylmagnesium iodide gave 2- and 3- methyl pyrroles, 
dimethylpyrrole, and po~alkylpyrrolenines. However, these same workers 
claimed that ~lation with ethyl and ~propyliodide gave on~ the 
3-alkylpyrroles and polyalkylpyrroles. Oddo and Ivloschini (44) also 
described the preparation of methyl 2-pyrrolecarboxylate in 90% yield 
by reaction of pyrrylmagnesium bromide with methyl chlorof'ormate. 
However, these claims were refuted by several other workers -r;ho 
stated that ethylation and alkylation produced only the 2-alkyl and 
2,.5-dialkylpyrroles (45, 46) and reaction wi th methyl chloroformate 
(47, 4b, 49) 1'ai.led to duplicate the earlier results. 
hecently, ~kell and Bean (50) al~lated pyrrylmagnesium bromide 
with a series of alkyl halides and found that in every case p.vrrole, the 
isomeric 2- and 3-alkylpyrroles and polyalkylpyrroles were produced. 
They also reported that the acylation (50) of pyrrylmagnesium bromide 
with either acyl halides or esters gave onlY the 2-acylpyrroles. Castro 
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et. al, (51) later found that 3-acylpyrrole was also formed in company 
with the isomeric 2-acylpyrroles, This fact was confirmed b,y the 
reinvestigation o~ Bean (52), except that when ethyl acetate was used 
as the acylating agent, the 3-acyl derivatives were not detected. 
There has also been considerable controversy on the nature of the 
pyrrole Grignard reagent itself. On the basis of chemical evidence 
(50, 53, 54, 55), the pyrrole Grignard reagent might be represented b,y 
aQY of the structures Va-Vf or a mixture thereof (56). 
~ o ~o~-o~-o 
N .. N N 
Mgx· -
Fig. v.(a) (b) 
~MgX CTMgX 
H H 
(c) (d) (e) 
+ 
MgX 
r=t ·MgX ~~H 
(f) 
From the magnitude of the difference in electronegativity of the 
two elements, an ionic N-Mg bond is favored with the pyrrylmagnesium 
halide, consequently an associated ion pair Vb (57), 
The n.m.r. and i.r. evidence have shown that pyrrole Grignard 
reagent existed as either Va structure or a resonance stabilized anion 
with the negative charge distributed between carton and nitrogen Vb 
(56, 57). From·i:tbis prediction, the formation of 1-substi tuted product 
YOuld be expected, and indeed some was found on the alkylation of pyrryl-
magnesium bromide (57, 58) and pyr~lmagnesium chloride (57), as well 
as on the ester formation from pyr~lmagnesium bromide (14, 49). 
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Mixtures are often formed in the normal pyrrole Grignard reactions, 
and the 2-substituted pyrroles often predominate. However, the proportions 
may be altered remarkably by changing the solvent, temperature or reagent. 
'l'hus, on the reaction with a chloroformate, pyrrole Grignard reagent 
1'ormed 2-substituted product predominantly when equal or nearly equal. 
amounts of pyrrole and the acylating agent were used (14, 59). On the 
other hand, 1,2-disubstituted product predominated when excess of the 
acylating agent was used, and the 2-substituted product became 
unimportant ( 49, 60) • 
In the preparative work, an attempt was made to decrease the yield 
of 1,2-disubsti tuted product, and to increase the amount o1' 1,3-di-
substitutea product, which can easily be converted into ]-monosubstituted 
derivatives (see section IV). The reaction was carried out using excess 
of pyrrole and the result showed that 2-substituted product still 
predominated; in addition, a small amount of some dipyrryl ketones also 
formed, possibly due to the further reaction of the excess pyrrole 
Grignard reagent with the initi~ formed products. 
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Section IV. Product Identification 
( 1) Hydrolysis a!'ld Oxidation: 
Although 2-pyrrolecarbonitrile was hydrolyzed easily b,y potassium 
hydroxide in ethylene glycol (9), this reagent was not suitable for the 
hydrolysis of 4-acetyl-2-pyrrolecarbonitrile, which was decomposed under 
such condition. Attempted hydrolysis by acids (cone. H2so4 : glacial 
0 
AcOH : H20 = 1 : 1 : 1 by volume) at 60-70 caused the recovery 
of starting material, while on refluxing it lead to the decomposition 
of the pyrrole ring. However, milder reaction, i.e., by refluxing 
with 40% aq. potassium hydroxide solution over a longer time (about 
6 hours) gave a 37.5% yield of the desired acid. 
Hydrolysis of methyl 4-acetyl-2-pyrrolecarboxylate and methyl 
2-isopropyl-4-pyrrolecarl:x>xylate as well as ·the oxidation of 4~acetyl-
2-pyrrolecarboxaldehyde gave the corresponding acids without difficulty. 
Iodoform type oxidation of 2-isopropyl-4-acetylpyrrole was also 
attempted. However, n.m.r. evidence (see table II) showed that the 
product was probably 2-isopropyl-3-iodo-4-acetylpyrrole, rather than 
the desired acid. 
(2) Decarboxylation: 
Various attempts were made to decarboxylate the 4-acetyl-2-
pyrrolecarbo~lic acid, however, none gave a satisfactory result. 
Heating the acid in an organic base such as quinoline in the presence 
of copper powder (61), copper bronze (62) or copper chrornite catalyst 
(63) caused only decomposition. Similar result was obtained b.r heating 
the acid qy itself or in ethylene glycol (64). Heating the mixture of 
the acid and sand (65) over a short time at the temperature just over 
its rn.p. gave the decarboxylated product, i .e., 3-acetylpyrrole, with 
a yield of about 20%.~' · 
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Attempted replacement of the carboxyl group b.Y halogens was also 
carried out, but a substitution reaction proceeded instead of the 
desired replacement reaction. 'fhus, by reacting w.i. th iodine in ethanol 
( 06), the 3, S-diiodo derivatives was obtained. Mixing w.i. th bromine 
in glacial acetic acid and exposing to UV lamp (67) gave a solid, 
which decomposed on recrystallization. Pyrolysis of the acid with 
soda-lime (o7) was also tried., ana trace of 3-acetylpyrrole (about 4%) 
was obtained. 
(3) Heplacement of bromine by deuterium: 
It was reported. that the bromine or· the brominated pyrrole 
derivatives could easily be replaced by hydrogen or deuterium on 
catalytic hydrogenation or deuteration (62). In order to i'urther prove 
the structure of bromopyrrole derivatives by n.m.r. spectra (see section 
IV-4), a modified catalYtic deuteration (o2) of the hydrogenation method 
of Linstead et. al. (68) was adopted except that Adams platinum oxide 
catalyst was used instead of palladium on charcoal. Gas-chromatography 
showed that the bromine of the bromopyrrole derivatives had. completely 
been reduced and n.m.r. spectra coni'inned that the ~-deuteriopyrrole 
_ .. 
derivatives had been obtained, since the signal of proton at ~-position 
had disappeared and that proton signals of pyrrole ring hydrogens 
(N-protons were un~oupled by D2o exchange) had now become an AX system. 
(4) ~pectroscopic data: 
The n.m.r., i.r. and u.v. spectra i 'or several compounds reported 
in the present work are given in Table II -VI. 
Average coupling constants (see 'l'able IV) observed !'or the 2-
and 3-substituted pyrroles and their derivatives are in agreement with 
the reported values (17, 62, 69). 
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In 3-acetyl-5-deuteriopyrrole and 2-isopropyl-3-iodo-4-acetylpyrrole, 
the n.m. r. signal of COCH3 protons were split into a doublet when CDC13 
was ~.:used as solvent. The same result was observed for 2-bromo-4-
acetylpyrrole when CC14 was used as solvent, however, the latter compound 
gave the expected singlet signal when CDC13 or dioxane was used as 
solvent. Although this unusual splitting could not be observed in 
other 3-acetylpyrrole and methyl 3-pyrrolecarboxylate derivatives, the 
C=O stretching frequency in the infrared spectra of methyl 2-siopropyl 
-4-pyrrolecarboxylate was found to have two absorption bands in CC14, 
but only one band in CHC13• Presumably, the spatial arrangement of the 
carbonyl group as well as solvent effect may play a role in this 
phenomenon. 
The effect of complex formation with AlC1.3 . on the chemical shifts 
of the protons of the substrate molecules has also been studied. It 
was found b.Y Anderson and Hopkins (15) that Lewis acid complexing of 
the 2-substituted pyrrole compounds had a marked effect on the n.m.r. 
chemical shift positions of the protons, and the signal positions of 
aromatic protons were all moved to lower field. Similar result was 
also obtained on the n.m.r. signals of 3-acetylpyrrole and methyl 
.3-pyrrolecarboxylate (see Table III). 
Table II 
.Nuclear MagneticJtesonance Chemical ;;;ihii"tsT 
Aliphatic Aromatic 
CH3Co- CH3o- (CH3)c2- -CH CHO- 2 3 4 
, 
4-Acetyl-2-pyrrolecarbaxaldehyde 2.49 9.59; 7.39 7. 73 
9.61; 
4~cet,rl-2-pyrrolecarbonitrile 2 .q:L . 7.37 7.92 
4-Acetyl-2-pyrrolecarboxylic acid (b) 2.J5 7.33 7 • .?2 
II II (c) 2.37 7.10 7.62 
Methyl 4-acetyl-2-pyrrolecarboxylate 2.47 3.93 7.3b 7.67 
Methyl 5-acetyl-2-pyrrolecarboxylate* 2.47 3.95 6.b$ 6.b$ 
4-Acetyl-3,5-diiodo-2-pyrrolecarboxylic aiid 2.$3 
3-Acetylpyrrole 2.43 7.41 6.63 6.7$ 
I 
(b) 2.33 7.4$ 6.oo 6.77 ....... II -..J I 
II (d) 2.40 7.43 6.63 6.bo 
II (1') 2.35 7 • .?1 6.57 6.b4 
3-Acetyl.t-:5-deuteri~pyrrole 2.41 7.41 6.64 
J-Acetyl-.?-bromopyrrole 2.41 7. 37 b.63 
II (a) 2.39; 7 .os b.o7 
2.41; 
" 
(b) 2.31; 7.34 6.59 
2.47; 
3-Acetyl-5-isopropylpyrrole 2.32 1.24 2.90 7.30 6.34 
" 
(a) 2.32 1.22 ~ .b9 7.26 6W 
Table II (cont 1d) 
.Aliphatic 
CH3co- oo3o-
3-Acetyl-4-iado-5-isopropylpyrrole 2.43; 
2.67; 
Methyl 3-pyrrolecarboxylate 3.80 
II (b) 3-77 
II (d) 3.79 
II (f) 3-75 
Methyl .5-d~uterio...-.:J-prrrolecargncyla te 3.60 
l~tqyl 5-isopropyl-3-pyrrolecarboxylate 3.01 
II (a) 3.75 
5-Isopropyl-3-pyrrolecarboxylic acid (b) 
Hethyl 5-bromo-3-pyrr olecarboxylate 3.79 
Methyl 2,4,5-tribromo-3-pyrrolecarboxylate (c) 3.76 
2,21Dipyrryl ketone 
1,2 1 -Dipyrryl ketone 
fCDC13 was used as solvent unless specifically indicated. 
(CH3)2c-
1.25 
1.23 
1.22 
1.19 
•CH CHO-
2.89 
2.b6 
2.60 
a: in c~14 ; b: in dioxane; c: in DMSO-d6; d: in CH2c12 f: in GH3No2 
~ .tt.e1·. 70 gives: CH3co-: 2.49; GH3o-: 3.95; Aromatic protons; 6.95. 
4f·. 21 : 7.41; 31 and 41 : 6.~2; 51 : 7.41. 
Aromatic 
2 3 
7-52 
7. 40 
7.43 
7.42 
7. 43 
7.36 
1.33 
7.17 
7.19 
1-33 
6.63 6.75 
6.61 b.11 
6.b2 6.76 
6.55 6.81 
6.55 
6.36 
6.17 
6.17 
6.55 
6.33 7.0tl 
# 7.04 
I 
.... 
0: 
I 
·"'-
• • • - • • • , ~ - , t • • - ~ , t • r 
- ' - - ~ ~ -
Table III 
Complex Fomation and Change in Chemical tihifts Posi tion*f 
Complex 
3-Acetylpyrrole. AlC13 
Methyl 3-pyrrolecarboxylate· 
AlC13 
2-
0.74 
0.67 
4-
0.38 
0.45 
5-
0.27 
0.19 
tiide chain 
0.52 (COCH3) 
o.s4 (ocH3) 
*Values are in p.p.m. and are all to lower i'ield from the uncomplexed chemical shift 
positions given in Table II. 
f CH3No2 was used as solvent. 
Table IV 
Nuclear Magnetic Resonance Spectra (Coupling (;onstants 1·or the Pyrrole Protons c.p.s.)# 
J1,2 Jl,3 J1,4 J1,5 J2,3 J2,4 J2,5 J3,4 J 3,5 J 4,5 
Methyl 4-acety1-2-pyrrolecarboxylate 1.6 
4-Acetyl-2-pyrrolecarbonitrile• 2.2 3.1 1.6 
4-Acetyl-2-pyrrolecarboxaldehyde 1.4 
4-Acetyl-2-pyrrolecarboxylic acid'*- 1.6 
3-Acety1pyiTole 1.6 1.9 2.98 
3-Acetyl~5~euteri~pyrrole 2.Cll 1.60 
Methyl 5-isopropyl-3-pyrrolecarboxylate 3.1 2.6 1.64 
Methyl 5-bromo-3-pyrrolecarboxylate 2.90 2.5Cl 1.75 
I 
5-Isopropyl-3-pTrrolecarboxylic acid 3.0 1.6 1\.) 0 
I 
Nethyl 3-pyrrolecarboxylate 1.6 1! .1 2 . tl9 
l~etbyl 5~_euterio-3-pyrrolecar~xylate ).0 2.4 1.6 
' ~
5-Isopropyl-J-acetylpyrrole ).0 2.7 1.6b 
5-Bromo-3-acetylpyrrole 3.12 2.54 l.bO 
3-Acet,yl-4-iodo-5-isopropylpyrrole 3.3 
1,2 1 -Dipyrr,yl ketone 2.27 2.27 2.27 
2,2 1 -Dipyrryl ketone 3.66 3.72 2.90 ).84 1.36 £.61 
.:ll:'l'he N-protons were uncoupled by n2o exchange and CDGl3 was used as solvent unless specif icall y i ndicated. 
~in DMSO -d6 
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·rable V 
I. R. Absorption o£ Pyrrolesf 
Compound c .. o stretching 
frequency 
1700, lo35 
1715, 1bb0 
1650 
1o70 1650 
N-H stretching 
l."requency 
31ti0 
3260 
3010 
3200 
Met~l 4-acetyl-2-pyrrolecarboxylate 
Methyl 5-acetyl-2-pyrrolecarboxy1ate 
4-Acetyl-2-pyrrolecarbonitri1e 
4-Acetyl-2-pyrrolecarboxalde~de 
3-Acetylpyrrole 1630 3lcl0 
i."letbyl 3 -pyrro1ecarbo:xyla te 
2-Isopropy1-4-acety1pyrrole 
1730 l700a.e. 3300a 
Methyl 2-isopropyl-4-pyrro1ecarboxylate 
2-Bromo-4-acetylpyrro1e 
Methyl 2-bromo-4-pyrrolecarboxy1ate 
2-Isopropy1-4-pyrro1ecarboxylic acid 
4-Acetyl-3,5-diiodo-2-pyrrolecarboxylic acid 
Methyl 2,4,5-tribromo-4-pyrro1ecarboxy1ate 
1, 21 -Dipyrry1 ketone 
2, 21 -Dipyrr,yl ketone 
1630 
1675 b,c 
1635 
1685 
1b.50 
1640 1630 
16o5 
1650d 
1605d 
+ KCl disc technique was used unless specifically indicated. 
a: in CHC13, b: in CCl4, 1715 and l6b5 (C•O stretching). 
3220 
3265 
3130 
3175 
33.50 
3130 
3140 
32C>5 
3260a 
c: 
e: 
in CHC13, 
Rei'. (71) 
1705 (C•O stretching). d: in CHC13, 1660 (0•0 stretching). 
gave 1712 and 1698 cm-1 • 
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Table VI 
Ultraviolet spectra of substituted pyrrolesf 
Band 1t,; Band K 
A.max<r> log£ A max ("'J') 
3-Acetylpyrrole 203 4.13 
Methyl 3-pyrrolecarboxylat~ 200 4.14 
Met~l 4-acetyl-2-pyrrolecarboxylate 226 4.17 
4-Acetyl-2-pyrrolecarbonitrile 217 4.17 
4-Acetyl-2-pyrrolecarboxaldehyde 229 4.26 
4-Acetyl-2-pyrrolecarboxylic acid 22.5,5 4.17 
Methyl 5-acetyl-2-pyrrolecarboxylate 220 3.96 
Methyl 2-isopropyl-4-pyrro1ecarboxylate 201 4.16 
2-Isopropy1-4-acetylpyrrole 205 4.14 
2-Isopropyl-4-pyrrolecarboxylic acid 201 4.16 
4-Acetyl-3,5-diiodo-2-pyrrolecarboxylic acid 223 4.14 
2-Bromo-4-acetylpyrrole 206 4.15 
Met~l 2-bromo-4-pyrro1ecarboxylate 204 4.18 
2,4,5-Tribromo-3-pyrrolecarboxJlic acid 20d 4.16 
1, 2' -Dipyrryl ketone 236 ).6b 
2, 2' -Dipyrryl ketone~ 255 j.J6 
+ .l!ithanol (95%) was used as sol vent. 
fRet'. (72) gives Amax • 257' 334 ~ ( e max • 5,350, 25,000) • 
._,Rei'. (71) gives ~max • 240 J' ( log Emax ) . 52) • 
244. 
247 
277 
26.5 
2b5 
273 . ,5 
290 
260 
244 
2.5.5 
239 
2.56 
29.5 
331 
loge 
3 . bo 
3.38 
4.13 
j . ,56 
4.19 
4.13 
4.14 
3.28 
3 .99 
) .27 
3 .56 
.;.80 
4.1.5 
4.17 
oection V. attempted ~ynthesis of 3-Isopropylpyrrole via rling Closure 
of a G1ycidic ~ster. 
The methods of synthesizing the pyrrole rings may be divided into 
those which involve only the C-N bond (VIa) ±'ormation, and those which 
involve formation of the 3:4 bond (VIb), the 2:3 bond (VIc), and both 
the 2:3 bond and the 4:5 bonds (VId). 
Fig. VI 
4c c3 c c c c c c 
I I 
,c ·, t ~ I· 'w ....... c c.... , .. c C.. ,'C .. . .. .N .... 
' N 
' Nl 
(a) (b) (c) (d) 
Tne most practically important methods are Baar-Knorr, Knorr and 
Hantzsch methods. 
Despite the large variety of ways have been used to establish one 
or both 0-N bonds, few examples were 1'ound which lead 1'inally to the 
)-monosubstituted pyrroles with a reasonable yield. Metnyl- (39, 13, 
74, 75~ 76) and ethyl- (73) 3-pyrrolecarboxylates, 3-isopropyl- (65) and 
3-acetyl- (39) pyrroles, as well as 2,3-pyrroledicarboxylates (77, 7b) 
have been synthesized. The 2,3-pyrroledicarbo:xylates mey- be converted 
into the 3-pyrrolecarboxylates by the selective hydrolysis and de-
carboxylation. However, these methods sui'fered from the disadvantage 
of either (A) difficulty in obtaining the starting material, or (B) low 
yield, or both. Therefore an attempt was made to synthesize 3-iso-
propylpyrrole from a compound which is easily obtainable. 
The aliphatic cl, ~-epoxy carbonyl compounds may be used to 
synthesize different heterocyclic compounds. ~ince two of the three 
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active carbons are used in the !'ormation of rings, it would be expected 
that three difi'erent kinds of rings may be formed. This was born out 
by experiments. In the ring f'ormation, diffeEent reagents lec:i to 
different rings by acting at various positions. 1'hus, l-benzoyl-2-
phenyletbylene oxide, on reacting with thiourea, gave 2-amino-40C 
hydroxybenzyl-5-phenylthiazole (79); but on reacting with guanidine or 
its homologs, gave a series o~ compounds, the structures of which were 
assigned as 4-benzoyl-5-phenylirnidazoline-2 with an amino or a 
substituted amino group at position 2 (oO); on the other hand, 4-
~droxy-4,5-dihydropyrazole derivatives was obtained by reacting with 
phenylhydrazine (bl). 2,3-.l!.poxybutanal, on reacting with benzthio-
amide, gave 4-eydroxy-5-( 0(.-eydroxyethyl)-2-phenyl-2-thiazoline (62); 
but reacting with benzamidine to give 4(.5)-( oC-hydro.xyalk:yl)-imidazole 
derivative (b2). 
An elegant method of preparing methyl 3-methyl-2-f'uroate (d3) was 
carried out by simply heating a specii'ic ol, ~-epoxy ester, ~' ethyl 
.5,5-dimethoxy-J-methyl-2,3-epoxypentanoate. This method suffers none 
of the disadvantag~s mentioned above, and was there.fore adopted for 
the attempted synthesis oi' 3-isopropylpyrrole. 
In the preparative work, methyl 3-isopropyl-2,3-ep~-5,5-di­
methox;ypentanoate was used as the start-ing material and was prepared 
by the method af Burness (83). 
The ring closure reaction was undertaken at various conditions 
either by mixing with liquid ammonia or by refluxing with various 
annnonium salts (such as ammonium acetate, ammonium carbonate, or 
ammonium chloride) in different solvents (such as methanol, ethanol, 
water, dioxane or et~lene glycol) and either in the presence or absence 
-2S-
o1· acid (cone. HBr, cone. HCl or cone. H2so4) and catalyst (FeC13 
or A~03 ). All the attempts were unsuccessful. It was t 'ound that 
under milder conditions, the starting material usually recovered, 
while at vigorous conditions, especially when the temperature exceeded 
150°, 3-propylfuran derivatives, ~' acid, ester or amide, often 
formed. It appeared that much more drastic conditions would be 
necessary to make this reaction become successful. 
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EXPERIMENTAL 
General: 
l~lting points were observed by using a Fisher-John's melting 
point block, and are uncorrected. 
Infrared spectra were recorded by a Perkin-~lmer 237B spectro-
photometer using the potassium chloride disc (2 mg sample in 200 mg 
KCl) and (or) solution (0.5 mm. NaCl cell) techniques. 
Ultraviolet spectra were determined in 95% ethanol on a Perkin-
~lmer 202 recording spectrophotometer. 
The nuclear magnetic resonance spectra were determined by a 
Varian A-60 spectrophotometer at 60 Me/ sec. The chemical shi.f'ts are 
in p. p. m. from tetramethylsilane as internal rei'erence and are 
recorded on thefscale. 
,i!;lemental analyses were determined by Ali'red Bernhardt, i"'llheim 
(Huhr) , Germany. 
Analysis of the reaction mixtures was carried out by means of 
gas-liquid partition chromatography using a Beckman GC-2A chromatograph, 
equipped with a 1~ -in. column (number 7000b) packed with apiezon L 
on firebrick and operated at 220° with helium as the carrier gas. 
Established .t'or pyrrole compounds were: 
Compound 
3-acetylpyrrole 
2-Isopropyl-4-acet,ylpyrrole 
2-Bromo-4-acetylpyrrole 
Methyl 3-pyrrolecarboxylate 
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Methyl 2-bromo-4-pyrrolecarboxylate 
Met~l 2-isopropyl-4-pyrrolecarboxylate 
Methyl 4-acetyl-2-pyrrolecarboxylate 
Met~l 5-acetyl-2-pyrrolecarboxylate 
4-Acetyl-2-pyrrolecarboxaldehyde 
Methyl 1-pyrrolecarboxylate 
Methyl 2-pyrrolecarboxylate 
Methyl 3-pyrrolecarboxylate 
Met~l 1,2-pyrroledicarboxylate 
Methyl 1,3-pyrroleriicarboxylate 
1,2 1 -Dipyrryl ketone 
1,2 1 -Dipyrr.yl ketone 
operating pressure 
(psig.) 
2.5 
2.5 
25 
2.5 
2.5 
25 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
retention ti.me 
(min.) 
3.0 
.5.1 
6.8 
2.2 
5.3 
4.2 
.5.8 
3.0 
4.8 
0.4 
0.7 
1 • .5 
1.2 
1.9 
4 • .5 
10.9 
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Section I. Friedel-Crafts Acetylation of 2-~ubstituted Pyrroles 
General: 
Methyl 2-pyrrolecarboxylate was prepared by an adaption of the 
Grignard method of Maxim et al. (68) 1'or ethyl ester as described in 
Ret'. (17). 
2-Pyrrolecarboxaldehyde was prepared by the method of Silverstein 
et al. (84). 
2-Pyrrolecarbonitrile was prepared by the method of Anderson (9). 
Metgyl 2-pyrrolecarbo~late: 
In a 1 litre three-neck round bottom flask equipped with a sealed 
stirrer, dropping funnel and double-suri'ace condenser (with dry:ing tube) 
was placed an.by:cirous aluminum chloride (120 g, 0.9 mole) and carbon 
disul.i'ide (2!)0 ml.). The mixture was cooled, and methyl 2-pyrrole-
carbo:zylate (35.5 g, 0.284 mole) in carbon disuli'ide (150 ml.) was 
added with care while stirring. The i'lask was then immersed in an oil 
bath maintained at 50°~ Acetic anhydride (30.6 g, O.J mole) in carbon 
disuli'ide (100 ml.) was added drop by drop, and stirring continued for 
a further 15 hours. The reaction was then quenched by pouring into a 
dilute hydrochloric acid and ice mixture. Af'ter the lumpy reaction 
complex was completely decomposed (about 1 day), the solid was filtered 
oi'1', washed. thoroughly w.i.th water and dried. It was then dissolved 
in chloroform, and passed through a neutral alumina column. rtemoving 
the solvent by flash evaporation gave crude methyl 4-acetyl-2-pyrrole-
carboxylate with on~ a very small amount of methyl 5-acetyl-2-pyrrole-
carboxylate. Recrystallization from benzene twice gave pure methyl 
0 
4-acetyl-2-pyrrolecarboxylate (33.2 g, 10p), m.p. 110-lll , needless, 
literature m.p. 109-110° (70). Calc 1 d. ±'or c8H~o3 : c, 57.48; H, 5.43; 
N, tl.43; .li'ound: c, 57 .29; H, 5.62; N, b.31. 
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'fhe corresponding acid, obtained by hydrolysis with 1~% aq. potassiwn 
hydroxide solution, gave m.p. 221.5-223° (decompn.) Calcd. ~or c
7
H
7
No3 : 
C, 54.90; H, 4.61; N, 9.15; F'ound: C, 5.5.22; H, 4.b9; N, 9.1$. 
The aqueous layer Irom the acetylation reaction was separated, 
saturated with sodium chloride and extracted with ether. 'fhe mother 
liquor was then combined "Wi. th organic layers, washed with sodium acetate 
(saturated aqueous solution) and dried over anhydrous magnesium suli'ate. 
'!'he solvent was removed and. the products were separated by adsorption 
chromatography on neutral alumina. A further 1.6 g (3.4%) or met~l 
4-acetyl-2-pyrrolecarboxylate was obtained, along with 5-acetyl-2-pyrrole-
carboxylate, which on recrystallization .from bensene-petroleum ether 
yielded 3.6 g (7.6%), m.p. 109-110°, prisms, literature m.p. 110-111.5° 
(65). 
2-€Yrrolecarbonitrile: 
This compound was acetylated by the same procedure described above. 
Thus, to a mixture of 2-pyrrolecarbonitrile (3.68 g, 0.04 mole) and 
anhydrous aluminum chloride (16.08 g, 0.12 mole) in carbon disulfide 
(80 ml.), was added dropwise of acetic anhydride (4.49 g, 0.044 mole) 
in carbon disulfide (20 rnl) • The tenperature was maintained at 50° 
and stirring continued for 5 h. The mixture was then carei'ully 
hydrolyzed by dilute hydrochloric acid and ice mixture. The solid was 
filtered oi'i", washed with water thoroughly and dried. 'fhe aqueous 
l83"er was separated and extracted with ether. The combined organic 
layers were washed with saturated sodium .acetate.solution and dried. 
The solid obtained was dissolved in ethanol and combined with organic 
layers, passed through a neutral alumina column. Crude 4-acetyl-2-pyrrole-
carbonitrile was isolated by evapor~ting the solvent. On recrystallization 
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i'rom ethanol-water, a yii..eld oi' 3.82 g (71 3%) bt · d 216 • was o aJ.ne , m.p. - -
217° (decompn.) prisms. Calcd. for C7H6N2o: c, 62.67; H, 4.51; 
N, 20.88; Found: C, 62.80; H, 4.68; N, 21.17. 
4-Acetyl-2-pyrrolecarbonitrile, on rei'luxing with 40% aq. potassium 
hydroxide gave the corresponding 4-acetyl-2-pyrrolecarboxylic acid with 
a yield of 34.5%, m.p. 221-~22° (~ecompn.). 
2-EY;rolecarboxaldehyde: 
A slow stream of nitrogen was conducted into a i"lask containing 
anhydrous aluminum chloride (b.04 g, o.06 mole) and nitromethane (20 ml). 
1he i'lask was cooled in a ice-salt mixture and 2-pyrrolecarboxaldehyde 
(1.9 g, 0.02 mole) in nitromethane (15 ml) was added with stirring. 
Acetic an~dride (2.56 g, 0.025 mole) in nitromethane (15 ml) was then 
added gradually at a rate such that the temperature could be maintained 
below 0°. The mixture was stirred for an additional 3 h. The stream 
o£ nitrogen was then discontinued and the temperature allowed to come 
to 3-4° for 60 h. The reaction was then quenched by pouring into a 
dilute h;ydrochloric acid and ice mixture. The aqueous layer was 
separated and extracted with ether. The combined organic layers were 
washed with saturated sodium acetate solution and dried. ftemoving the 
solvent gave 4-acetyl-2-pyrrolecarboxalde~de, which on recrystallization 
from benzene-cyclohexane yielded 0.6 g (22%), m.p. 136-137°, prisms. 
Calcd. for c
7
H
7
N
2
0: C, 61.30; H, 5.14; N, 10.21; Jfound G, 61.96; 
H, 5.21; N, 10.40. 
Oxidation of 4-acetyl-2-pyrrolecarboxaldehyde by silver oxide (86) 
gave the corresponding acid with a yield of 37.5%, m.p. 220-222° (decompn.). 
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bection II Attempted DecarbO!Ylation of 4-Acetyl-2-pyr.rolecarboxylic 
Acid,Heating with sand: 
4-Acetyl-2-pyrrolecarb~lic acid (10 g, 0.065 mole) and 50 g of 
sand were mixed thoroughly and heated at 220-230° f'or 30 minutes. The 
mixture was cooled and extracted with ether. The extract was dried and 
the product was isolated by evaporation or the solvent. rtecr,ystallization 
from benzene-petroleum ether gave 1.47 g (20.6%) of 3-acetylpyrrole, m.p. 
114-115°, prisms, literature m.p. 115-116°. (39). 
Attempted replacement of carboxyl-group by iodine: 
The mixture oi' 4-acetyl-2-pyrrolecarboxylic acid (1 g) in ethanol 
(20 ml.) and anhydrous sodium acetate (0.5b g) in water (3 ml.) was 
boiled on steam bath, and treated with iodine (1.68 g) in ethanol (15 ml.) 
over 1 hour (66). It was heated f'or further lt hours, then hot water 
(75 ml.) was added with stirring. After cooling, the crystals were 
riltered off, and on recrystallization from ethanol-water gave 4-acetyl-
3,5-diiodo-2-pyrrolecarboxylic acid {0.4 g), m.p. 173-175°, prisms. 
Attempted displacement of carboxyl-group with bromine: 
The mixture of 4-acetyl-2-pyr.rolecarboxylic acid (1.43 g, 0.01 mole) 
in glacial acetic acid (50 ml.) and bromine (4.8 g, 0.03 mole) in glacial 
acetic acid (25 ml..) was exposed to UV lamp over 20 minutes (67). The 
glacial acetic acid was then removed b,y rlash evaporator under room 
temperature. 'l'he residue was poured into ice-water mixture containing 
sodium carbonate (3.2 g), and extracted with ether. The solvent was 
then dried. Removing the solvent gave a solid, which decomposed on 
recrystallization. 
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oection lli. The Brominations and .F'riedel-Crai'ts Isopropylations of 
Methyl 3-Pyrrolecarb~late and_3-Acetylpyrrole 
General: 
Metgyl 3-pyrrolecarbo;ylate: 
Metqyl 1,3-pyrroledicarboxylate (4 g, 0.02lb mole) was dissolved 
in a minimum amount o:t: methanol, and 12 ml. of cold aqueous potassium. · 
hydroxide solution was added. The mixture was mechanically shaken for 
6 h and cooled. The solid was 1'il tered off, washed with water and dried. 
The aqueous layer was extracted with ether. '£he residue obtained by 
evaporation of the solvent was combined with the solid. ii..i'ter 
rec~stallization from methanol-water, 2.29 g (b4%) of methyl J-
pyrrolecarboxylate was obtained, m.p. b6-b7°, prisms, literature 
m.p. 88° (39). 
3-Acetylpyrrole: 
This compound was prepared by decarboxylation of 4-acetyl-2-
pyrrolecarb~lic acid (see section II) or by the method of Castro 
et al. (51). 
General procedure for brominations: 
The mixture o:f methyl J-pyrrolecarboxylate or 3-acetylpyrrole 
(0.016 mole) and anhydrous sodium acetate (2.46 g) in dioxane (150 ml) 
was stirred at room temperature and the dioxane-dibromide solution 
(from 0.015 mole of bromine with 100 ml. of dioxane) was added at a 
rate such that bromine color did not persist. It was stirred for a 
:further 4 hours, and the dioxane was then removed by 1·1asa evaporator 
under room temperature. The residue was poured into an ice-water mixture 
containing 5% sodium carbonate (40 ml.). It was then extracted with 
ether, and the ether layer was washed with saturated sodium chloride 
solution, dried, and the solvent was removed by evaporation. The 
-J3-
residue was then analyzed by gas chromatography and separated by adsorption 
chromatograp~ on neutral alumina. 
Products obtained were: 
Methyl 2-bromo-4-pyrrolecarboxlate, l.Sb g (51.7%), m.p. 106-106° 
(decompn.), prisms (from cyclohexane-chlorof'orm). 0alcd. 1'or c6~BrNo2 : 
C, 35.32; H, 2.96; N, 6.87; Br, 39.17; . .l"ounct: C, 3.?.!>1; H, 3.0b; 
N, 6.67; Br, 39.16. 
2-Bromo-4-acetylpyrrole, 1.77 g (62.8%), m.p. 151-152.5°, prisms 
( chloroform-cyclohemane). Calcd. for c6E6BrNO: c, Jb.33; H, 3.22; N, 7.45; 
Br, 42.50; Found: C, 38.25; H, 3.33; N, 7.J2; Br, 42.61. 
General Procedure for isopropylations: 
To the cold mixture of 0.04 mole of metnyl 3-pyrrolecarboxylate 
(or 3-acetylpyrrole) in 50 ml. carbon disulfide and anhydrous aluminum 
chloride (0.08 mole in 50 ml. carbon disuli'ide), was added 0.037 mole 
of isopropyl chloride (or isopropyl bromide) in 50 ml. carbon disulfide 
with stirring. ~tirring continued for a further 30 minutes. The 
reaction mixture was then immersed in an oil bath maintained at 50° 
a.nct stirred for 20 hours. The reaction was quenched by pouring into 
an ice-water mixture. The aqueous l.ayer was separated, saturated with 
sodium chloride, and extracted with ether. The combined organic layers 
were washed with saturated sodium chloride solution, and dried. 
~vaporation of the solvent gave the crude product, which was then 
dissolved in benzene, and passed through a neutral alumina column. The 
solvent was removed and the solid recr,rstallized from cyclohexane twice. 
Products obtained were: 
Methyl 2-isopropyl-4-pyrrolecarboxylate, 3.64 g (5~), m.p. 
74-7Ji.5° (prisms). Ualcd. 1'or c9H13No2 : C, 64.65; H, 7 .b4; N, b.)b; 
Found: C, 64.60; H, 7.73; N, b.28. 
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~-Isopropyl-4-acetylpyrrole; 3.48 g (62.2%), m.p. 6b.5-69.S0 
(prisms). Calcd. for c9~NO: li, 71.49; H, b.67; N, 9.26; b'ound c, 71.41; 
H, tl.49; N, 9.23. 
Bromination of methyl 3-pyrrolecarboxylate with bromine in carbon 
tetrachloride: 
A mixture of methyl 3-pyiTolecarbo:xylate (0.04ti mole) and aneydrous 
sodium acetate (4.1 g) in 109 ml. carbon tetrachloride was cooled in an 
ice-salt bath. Bromine (0.04 mole) in 50 ml. carbon tetrachloride was 
then added drop by drop with stiiTing. Stirring continued :for a 
:further 3 hours. The reaction mixture was then poured into an ice-
water mixture containing 10 ml. at' 10% sodium hydroxide solution. The 
aqueous layer was separated and extracted with ether. The combined 
organic leyers were washed with saturated sodium chlloride soluti on and 
dried. The residue obtained by evaporation of the solvent was separated 
by adsorption chromatography on neutral alumina. 'l'he product isolated 
was me~l 2,4,5-tribromo-3-pyrrolecarboxylate, which on recrystallization 
from benzene-cyclohexane gave a yield oi' 1.9 g (41%), m.p. 207-20o.S0 
(decompn.), prisms. Calcd. for C6H4Br3No2 : G, 19.92; H, 1.11; N, 3.b7; 
Br, 66.26; Found: C, 20.14; H, 1.11; N, 3.70; Br, 66.21. 
Other products were decomposed bei'ore separation. No 1'urther 
attempt was made to isolate these products. 
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~ection IV • ~ome !ieactions of' Brominated and Isopropylated Methyl 
3-pyrrolecarbo;rlate and 3-Acetylpyrrole. 
Gata1ytic deuteration of brominated pyrrole derivatives: 
The modified method (62) 1'or the hydrogenation described by 
Linstead et al. (68) was adopted, but using cyclohexane for the reservoir 
instead of using petroleum ligroine, and using Adams platinum oxide 
catalyst (washed with C~COOD beforehand) to replace palladium on 
charcoal. Nuclear magnetic resonance spectrum showed that brominated 
pyrrole derivatives were completely deuterated in the desired position. 
gyctro6fsis of metpyl 2-isopropyl-4-pyrrolecarboxylate: 
Methyl 2-isopropyl-4-pyrrolecarbox,ylate gave, after rei'l"uxing with 
15% aqueous potassium hydroxide solution, the corresponding acid with 
a yield o1' 81. 7%, m.p. 126-127° (decompn.), prisms (from methanol-
water). Calcd. for c8a11No2 : c, 62.73; H, 7.24; N, 9.20; Found: 
C, 62.77; H, 7.54; N, 9.14. 
Attempted Oxidation of 2-isopropyl-4-acetylpyrrole: 
2-Isopropyl-4-acetylpyrro1e (0.046 g) was dissolved in a minimum 
amount of warm dioxane, then sodi\Ull hypoiodite (prepared by mixing 
1.52 g iodine and 2. 7 g potassium iodide in 13.5 ml. water with O.J2 g 
sodium hydroxide in 3 m1. water) was added, and the mixture was warmed 
at 6Q0i'or 1 hour. Coild water (10 mJ..) was then added, and the precipitate 
removed. Ai'ter recrystallization from ethanol-water, 2-isopropyl-J-iodo-
4-acetylpyrro1e (O.jl g) was obtained, m.p. 177-179°. Which, on 
exposing to air, graduallY decomposed. 
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::lection V. Reaction of Pyn:ylmagnesium Bromide with 1-iethyl Chlorof'ormate 
This reaction was carried out b~ a modi~ication of the method of 
Maxim et al.(59) for ethyl ester. To a stirred, cold solution of 
etQylmagnesium bromide (1.9 mole) in bOO ml. ether was added dropwise 
pyrrole (2 mole) in 200 ml. o1· ether. 1'he :.ceaction mixture was then 
rei'luxed for 20 minutes. A1·ter cooling, ether (100 ml.) was added, ancl 
methyl chloro1·ormate (1 mole) in 150 ml. ether was added dropwise. The 
reaction mixture was again ref'luxed for 30 minutes, then cooled and 
carefully cydrol.yzed with 10% ammonium chloride solution. The aqueous 
layer was separated and extracted with ether. The combined ether layers 
were dried, the ether removed by flash evaporation and the product was 
vacuum distilled. ~·ractions collected were: 80-120°/13-20 mm; 120-127°/ 
I 1.3 nun; 127-135°/13 nm; 13.3-142°/12 rmn; 144-154°/12 mm; 1.37-145°/ 3 mm; 
159-172°/ 3 mm; 147-150° /0.4-0.5 mm; 150-180° /0.4-0.5 mm. The 
residue was then extracted ~ractionally with benzene, ethanol, and 
dioxane. Products in each ~raction were separated repeatedly by 
adsorption chromatograpcy on neutral alumina using appropriate solvents 
as eluents, until a ) 95% pure sample was obtained using gas chromato-
graphy for analysis. ~ach sample was then recrystallized from a 
suitable solvent so that a melting point within a 2 degree range could 
be obtained • 
Products obtained were: 
\Jompound. 
Pyrrole 
l~~l 1-pyrrolecarboxylate 
Methyl ~-pyrrolecarboxylate 
MetQyl 3-pyrrolecarboxylate 
MetQyl 1,2-pyrroledicarboxylate 
Methyl 1,3-pyrrolecarboxylate 
1, 2 1 -Uipyrryl 11etone4 
2,2 1 -Dipyrryl ketonef 
f m.p. Sb.S-00°, prisms (!'rom petrolewn ether). 
Calcd. for C~eN20: C, 67.49; H, 5.34; N, 17.49; 
Found: C, 67.24; H, 5.26; N, 17.40. 
Average yield 
12 .b9 g 
0.3 g (0.24%) 
2b g (~2.Wl) 
trace (unisolated) 
10.1 g (~.~%) 
b.53 g (4.7%) 
0.53 g (0.4%) 
1.7 g (1.1 %) 
t m.p. 160-161°, prisms ( from ethanol-benzene), literature m.p. 
160-1610 (ti7). Calcd. for c9H8N20: G, 67.49; H, 5.34; N, 17.49; 
li'ound: c, 67.52; H, 5.26; N, 17.43 
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~ection VI. Attempted ~ynthesis of 3-Isopropylpyrrole via the ring 
closure of a GlYcidic ~ter. 
Metgyl 5,5-dimethaxy-3-isopropyl-2,3-epo~ypentanoate: 
This compound was prepared by the method o1· Burness (b3), but 
using 1,1-dime.~hoxy-4-meteyl-3-pentanone (88) instead o1· 1,1-dimethoJcy"-
3-butanone. Product was obtained by vacuum distillation: b.p. 
96-97°/1 mm (57%). 
Methyl 3-isoprgpyl-2-ruroatet 
This compound was prepared by the method oi' Burness (b3), but 
using methyl 5, 5-dimet.hoxy-3-is opropyl-2, 3-expo::x;ypentanoate instead of 
using met~l 5,5-dimethoxy-3-methyl-2,3-epoxypentanoate. Product was 
obtained by vacuum distillation: b.p. 6o-71 °/2 mm (61%). On refluxing 
with 30% aqueous potassium hydroxide solution this gave the corresponding 
acid with a yield of 87%, m.p. 93-94o, (decompn), needles (1'rom 
chloroi'orm-cyclohexane). Calcd.. i'or C0H10o3 : c, 62.32; H, 6.54; Found: 
C, 62.51; H, 6.46. 
Attempted synthesis of 3-isopropylpyn:ole via the ring closure ot· 
metgyl 5,5-dimethO!l-3-is?Propyl 2 13-epo;ppentanoate: 
The ring closure reaction was carried out under various conditions: 
(1) By shaking mechanically with 10% aqueous ammonium carbonate solution 
(dioxane was added to increase the solubility) for l day or by refluxing 
1' or 2 hours. 
(2) By mixing with ammonium chloride and excess liquid ammonia, and 
allowed to evaporate to dr,yness. 
(3) .ttet'luxing with ammonium acetate in methanol i'or b hours. 
(4) J:tefluxing with ammonium chloride and ammonia-saturated methanol 
solution for b hours. 
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{5) rtet'luxing with ammonium chloride in 95~ ethanol over 4 hours. 
(6) &!fluxing with ammoniwn chloride in benzene over 6 hours. 
(?) Hydrobromic acid 4b% was added with stirring while cooling, large 
excess of concentrated ammonium Qydroxide was then added and warmed at 
40-50° for 3 hours. 
(b) Concentrated ammonium hydroxide was added and stirred at 40-50° 
for ? hours, then cooled and concentrated sulfuric acid was added. 
The militure was stirred for a t ·urther 3 hours. 
(9) .l:iefluxing with 48% hydrobromic acid l'or 1 hour, then cooled and 
added concent.rated ammon:i.um hydroxide. The mixture then stood over-
night. 
(10) Ret"luxing with ammonium carbonate in dioxane for b hours. 
(11) .ttefluxing with aluminum oxide in ethylene glycol, and concentrated 
ammonium qydroxide was added at intervals. 
(12) Refluxing with i"erric chloride in eteylene glycol, while concentrated 
ammonium hydroxide was added at intervals. 
At the end of each of the above operations the reaction mixture 
was then neutralized and extracted with ether. The residue after 
evaporating the solvent was vacuum distilled or cr.ystallized from 
appropriate solvent. All the attemps were unsuccessful. It was found 
that under milder conditions (in methods 1-6), the starting material 
was recovered. While with vigorous conditions, 3-isopropyli'uran 
derivatives, e.g. acid (method?), ester (methods 11 and 12) or amide 
(method 9) were formed. 
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